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[57] ABSTRACT

A fluid cooling system for electronic systems particu-
larly adapted to cool large scale integrated circuit chips
mounted on substrates. The system has one or more
heat exchangers through which a liquid coolant is circu-
lated. Each heat exchanger has a flexible wall and is
mounted so that its flexible wall is in close proximity to
a surface of the substrate to be cooled. A low thermal
impedance contact is made through the flexible wall of
the heat exchanger between the substrate to be cooled
and the coolant flowing through the heat exchanger
because of the pressure of the coolant in the heat ex-
changer. The heat exchangers are connected into the
cooling system through flexible conduits so that a heat
exchanger can readily be moved out of contact with a
substrate -without . disrupting the flow of coolant
through the cooling system.

6 Claims, 7 Drawing Figures

N N\

i

1

)
4




- U.S. Patént o Aug. 29, 1978  Sheet 1 of 4 | 4,1 09,707




U.S. Patént Aug. 29, 1978 Sheet 2 of 4 4,109,707




U.S. Patent

Aug. 29, 1978  Sheet 3 of 4

I

NS OI SN GIIIIIIIIIIIIY ll{/llllllﬂ

6 :/”

Iy

”I'I
-/

4,109,707

A SAA Y

[ =] »

347

-h—llll—--l-——-_—

ZZ—‘::;, 5

26 '
i (e
S S S T / IIIIII m
. - )~
o, / / =7,
4 /IA\




U.S. Patent

20

4,109,707

!‘_ P

- Aug. 29, 1978 Sheet 4 of 4

38

“
32, \
ZR ‘

1 10

A

* —lry———

A
__ i

72. 24 )

S e—— ——— —
o e T e s e _..'“.... . —_ o g —
— I

[k ——————r——
L]

ey

‘

T
LI ST ITIT I I 20 45V 58 27 49
8 75‘_ L B

v/ O &L

V74

Eﬁ-g

— T 1. 28
——
D 37

I

28

m’mi*—-rn L ]

Al X
:‘h‘ h"'-n"‘

85
i
I-.
A/
]
]

W s i . W, W

W TIOIENNTIOTIITIIIINITIIITTOIINIIINITE /P TTTII. Lol 7 .

. - 1 i T Y /

# . i Ll ‘ . * * /

i .- M - " Z

. {~. J ‘ - ;’

il | 134, N ey W A W g et ——————— VWL WL A T M W U TR WM R W, ekl e W G — :"' i

i i ’n
‘ - ame & b

L/l

il

VB s B0

L /M 4 75

-\ k ”
Fo=_7

7/
Z

(G

0

v




4,109,707

1

FLUID COOLING SYSTEMS FOR ELECTRONIC
SYSTEMS
This is a division of application Ser. No. 592, 578 filed
July 2, 1975.

SUMMARY OF THE INVENTION

" The present invention relates generally to a system

for cooling multichip integrated circuit assemblies or
micropackages and more particularly to a heat ex-
changer for cooling such micropackages in order to
maintain the operating temperatures of the integrated
circuit chips of said micropackages below maximum
operating temperatures.

There is a trend in the microelectronic circuit pack-
aging technology toward micropackages comprised of
a multilayer printed circuit wiring board or substrate on
which a large number of conductive and insulative
layers are formed. A large number (i.e., from 50 to 100)
of large scale integrated circuit semiconductor chips
can be mounted on one surface or one side of the sub-
strate of such a substantially square micropackage hav-
ing dimensions of 80mm by 80mm, for example. While
advance circuit design technology is developing cir-
cuits in which the power dissipated per active element
or gate on a chip is reduced, the greatly increased num-
ber of such active elements per chip results in an in-
crease in the amount of electrical power being con-
sumed with a concomitant increase in the total amount
of heat produced. As a result of this increase in heat
produced, improved cooling means are needed to effec-
tively cool such micropackages to keep the maximum
temperature of the semiconductor chips of such mi-
cropackages below their maximum operating tempera-
ture.

Until recently, the conventional way for cooling
large electronic systems, such as computers for exam-
ple, was by circulating cooled air through them. How-
ever, as the amount of heat to be dissipated in recently
developed micropackages has grown to from 8 to 10
watts per square inch of usuable area of the substrate,
for example, compared with from 3 to 5 watts per
square inch in the earlier packaging arrangements, the
limits of cooling by air have substantially been reached.
One of the problems associated with air cooling the
recently developed micropackages is that to maintain
the temperature of the active elements of a semiconduc-
tor device below their maximum temperature, it is nec-
essary to increase the velocity of the air flowing past the
devices to be cooled. The noise associated with the high
velocity of the air to cool devices where heat has to be
dissipated at the rates of from 8 to 10 watts per square
inch is unacceptably high. Thus, one of the reasons for
going to a liquid cooled system for micropackage as-
semblies is to solve or to avoid the noise problems asso-
ciated with air cooled systems. Another problem solved
by the liquid cooled system is that of effectively dissi-
pating large amounts of heat, i.e., from 45 to 60 watts,
through the substrate of a micropackage whose overall
dimensions may-be 80 millimeters square, for example,
while maintaining the temperature of the integrated
circuit chips in the micropackage below their maximum
operating temperature.

While liquid cooling solves problems associated with
air cooling large electronic systems such as computers,
liquid cooling systems have their own problems particu-
larly when applied to a complex electronic system. In
any such large system, components will from time to
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time fail. Repairing or replacing a failed component
may require replacing a micropackage. In doing so it is
desirable that no coolant escape to contaminate electri-
cal contacts of the electronic system.

Another problem that has to be solved is how to
minimize the thermal impedance between the substrates
of the micropackages and the coolant flowing through
the heat exchanger in contact with the substrate. This

problem 1s complicated because the substrates of the
micropackages while substantially flat initially are not
perfectly flat when completed. Thus the surface which
will come into contact with a heat exchanger deviates
from being flat in part at least as the result of the process
of putting down the many conductive and insulative
layers. This involves several cycles of baking at ele-
vated temperatures plus heat applied in soldering inte-
grated circuit chips on the substrates of micropackages.
Therefore, it is necessary in order to obtain low thermal
resistance between a substrate to be cooled and a heat
exchanger that the portion of the heat exchanger
adapted to physically contact the substrate be capable
of adapting to the absence of flatness.

Thus, a heat exchanger that is particularly adapted to
cool a micropackage having a substrate of substantial
area, 1.e., from 4 to 10 square inches, or 25 to 64 CM?
and through which substrate a large heat flux per unit
area must be dissipated if excessive temperatures within
the micropackage are not to be reached, requires good
thermal contact between the heat exchanger and the
substrate of the micropackage. In addition the cooling
system of the heat exchanger or a part must permit the
removal of a micrOpackage from its connector to either
replace or repair it, without liquid coolant escaping
from the coolmg system.

Therefore, it 1s an object of the present invention to
provide an improved cooling system for electronic
systems.

It 1s another object of the present invention to pro-
vide an improved heat exchanger for an assembly of -
multichip integrated circuits mounted on a substrate.

It is also an object of the present invention to provide
a cooling system for integrated circuit assemblies that
can be removed from heat exchange relationship with
any one of such assemblies without coolant escaping
from the cooling system, or without interrupting the
continued operation of the cooling system.

It 1s still a further object of the present invention to
provide an improved low cost liquid heat exchanger for
a microelectronic circuit package which is quiet in op-
eration and minimizes the risk of the liquid coming into
contact with such a package, the connector in which
the package 1s mounted, and any other components of
the overall system of which the package is a part.

These and other objects of the present invention are
achieved according to one embodiment thereof by pro-
viding a heat exchange chamber, one surface or wall of
which is made of a very thin flexible good thermal
conductive material. Inlet and outlet means are pro-
vided in the chamber so that a heat exchange medium or
liquid can circulate through the chamber and contact
the 1nner side of the flexible wall of the chamber to
conduct heat away from the substrate of an electronic
package. Because of the flexibility of this wall and the
manner in which it is mounted the pressure of the circu-
lating heat exchange medium in the chamber forces the
flexible wall into good mechanical contact with the
substrate of the micropackage to be cooled. This wall is
sufficiently flexible so that it can accommodate devia-
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tions from a plane, by the surface of a substrate and thus

provides an excellent heat transfer path, i.e., one having

minimal thermal impedance without the necessity of

providing any special oils or greases to improve the
thermal conductivity between a substrate to be cooled
and the flexible wall of the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the
appended claims, however, other objects and features
of the invention will become more apparent and the
invention itself will be better understood by referring to
the following description and embodiments taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a schematic view of a cooling system for a
large electronic system;

FIG. 2 is an exploded perspective view illustrating
the relationships between a micropackage, a connector,
a heat exchanger and a means for removably mounting
them; | |

FIG. 3 is a plan

exchanger;
FIG. 4 is a section taken along line 4—4 of FIG. 3;

FIG. 5 is a section taken along line §—3 of FIG. 3;

FIG. 6 is a side view partly in section of an assembled
micropackage, connector, and heat exchanger; and

FIG. 7 is a section taken along 7—7 of FIG. 6, en-
larged to better disclose details of the components 1llus-
trated. The position of the heat exchanger to permit
removal of a micropackage from its connector is illus-

trated by dashed lines.

' DETAILED DESCRIPTION

Referring to FIG. 2, there is illustrated a multichip
integrated circuit assembly or micropackage 10. While
the details of micropackage 10 do not form a portion of
this invention, the portions of micropackage 10 that are
relevant to the understanding of the invention are illus-
trated. They are substrate 12 which has dimensions in
the preferred embodiment of 80 millimeters by 80 milli-
meters square and from 1 to 2 millimeters thick. Sub-
strate 12 is made of an electrically nonconductive ce-
ramic material such as aluminum oxide. On one side, or
face, of substrate 12 there is normally built up or formed
a plurality of layers, up to 7 or 8 in some cases, of elctri-
cal conductors separated by insulating layers. On the
top surface of these layers a relatively large number, 80
to 100, of large scale integrated circuit chips can be
mounted. The chips and the details of the layers of
conductors and insulators are not illustrated since they
form no part of the invention. In practice, the chips and
the means for connecting them to the circuits formed on
substrate 12 are covered by metal cover 14 which may
be hermetically connected to substrate 12. Formed
along the edges of substrate 10 is a plurality of electrical
contacts 16 which engage contacts 18 of connector 20.
Connector 20 is fixedly mounted on panel 22 which can
also have multiple conductive layers formed on it to
permit the circuits of a plurality of micropackages 10 to
be interconnected and energized to form an electronic
system. When a micropackage 10 is inserted into a con-
nector 20 it can subsequently be removed to replace it
or to repair it. To cool micropackages 10 which pro-
duce substantial quantities of heat, on the order of from
6 to 10 watts per square inch of the outer surface, or
face, 24 of substrate 12, applicants have provided heat
exchanger 26, the details of which are more fully illus-

trated in FIGS. 3, 4 and 3.

view, partly broken away, of a heat
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Referring now to FIGS. 6 and 7, connector 20 is
fixedly mounted on panel 22. Micropackage 10 is posi-
tioned in connector 20 so that its contacts 16 make a
good low resistance electrical contact with spring
contacts 18 of connector 20. Micropackage 10 and heat
exchanger 26 are held in fixed position as illustrated in

FIG. 6 by mounting frame 28 which engages shoulder
30 of heat exchanger 26. The other side of shoulder 30
engages a portion of substrate 12 through flexible heat

exchange wall 31 of heat exchanger 26 which is con-

nected or sealed to the periphery of heat exchanger 26
at shoulder 30. Fastening means such as nuts 32 which
threadably engage bolts 33 in cooperation with mount-
ing frame 28 removably hold micropackage 10 in con-
nector 20 and heat exchanger 26 in close proximity to
the outer surface 24 of substrate 12. Heat exchanger 26
is provided with inlet means 34 and outlet means 36 so
that a liquid heat exchange medium may low through
heat exchanger 26 as will be better described later. The
inlet 34 of heat exchanger 26 is connected through flexi-
ble hose or tubing 38 preferably made of polyvinyl
chloride plastic to input manifold 40 containing a heat
exchange medium of liquid under pressure. Qutlet 36 is
connected through flexible hose or tubing 38 to output
manifold 42 as shown in FIG. 1. In FIG. 1 it can also be
seen that several heat exchangers 26, 126, and 226 can
be connected mounted one above the another, or verti-
cally with respect to one another, and can be in series
between input manifold 40 and output manifold 42.
Referring now to FIG. 4, which is a cross section of
heat exchanger 26, it can be seen that heat exchanger 26
has a back wall 44 and side walls 46. A flexible heat
exchange wall 31 is fastened or bonded to the side walls
46 at shoulder 30 with a suitable epoxy, for example, so
that the back wall, side walls and flexible wall 31 define
a space 50 through which a suitable heat exchange lig-
uid can flow. Back wall 44 and side walls 46 can be
made of any suitable material such as plastic, copper or
aluminum sufficiently thick to be substantially rigid.
Heat exchange wall 31 1s made of thin sheets of material
to be flexible. Copper sheets having a thickness in the
range from 0.010 to 0.002 inches is suitable for use in
wall 31. Copper 0.005 inches thick is preferred for the
flexible heat exchanger wall 31 when wall 31 has an area
substantially equal to 9 square inches. Other good ther-
mal conductors such as aluminum, silver or stainless
steel can be used to form flexible wall 31. Inlet 34 and |
outlet 36 are illustrated as being formed in back wall 44
of heat exchanger 26. To assure the uniform flow of
heat exchange medium over substantially all the inner
surface 54 of heat exchange wall 31 it is desirable to
provide baffles §6. As is heat seen in FIG. 3, baffles 56
provide a substantially uniform flow path for the cool-
ant from inlet 34 to outlet 36. It should be noted that
baffles 56 are attached to the back and side walls of heat
exchanger 26 and are spaced from the inner surface 54
of flexible wall 31 so that the baffles 56 do not restrict
movement of flexible wall 31. In a preferred embodi-
ment the back and side walls 44 and 46 and baffles 56 are
made integrally of a plastic material, such as a thermo-
setting polyester resin. A suitable example is VALOX
310, a product of the General Electric Company.
FIG. § illustrates, in an exaggerated manner, the ex-
tent to which flexible wall 31 may extend due to the
pressure of the heat exchange liquid in space 50. This
characteristic of wall 31 is the key to effective heat
transfer from the substrate 12 of a micropackage 10 to
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the heat exchange liquid ﬂowmg through space 50 of

heat exchanger 26.

Referring now to FIG. 1, there is 1llustrated a cooling
system 58 for cooling six panels including panels 22,
122, 222, etc. Each panel can have up to 12 micropack-
ages mounted on it, however the micropackages and the
means for mounting them on the panels are not illus-
trated in FIG. 1. On panel 22, three heat exchangers 26,

126, and 226 are connected in series between an input
manifold 40 and an output manifold 42. Any reasonable
number of heat exchangers 26, 126, etc. can be con-
nected between the input and output manifolds as long
as the temperature of the heat exchange liquid in heat
exchanger 226 which is directly connected to an output
manifold 42 does not rise to a value where it ceases to
adequately cool the integrated circuits of the mi-
cropackage 10 to be cooled by it.

The cooling system S8 has a conventional pump 59
powered by an electric motor which draws liquid cool-
ant from the reservoir 60 and forces it through a con-
ventional heat exchanger 62. In order to keep the tem-
perature of the coolant below a predetermined maxi-
mum temperature, heat exchanger 62 is cooled by
chilled water from a conventional source which is not
illustrated which flows into heat exchanger 62 through
chilled water inlt 64. Return flow is through outlet 66.
The coolant of system 58 as it comes from heat ex-
changer 62 flows through input manifold 40 through
flexible hose 38 to the inlet of heat exchanger 26. The
coolant flows through the heat exchanger 26 to its out-
let which in the embodiment illustrated is connected by
another flexible hose 38 to the inlet of a heat exchanger
126. The outlet of the heat exchanger 126 i1s connected
by still another flexible hose 38 to the inlet of heat ex-
changer 226. The outlet of heat exchanger 226 is con-
nected to the output manifold 42 through a flexible hose
38. The coolant then flows through output manifoid 42
into reservoir 60.

The heat exchange medium of liquid can be almost
any suitable one such as silicone oil, ethylene gylcol,
Freon 113, or water. While any of these coolants or heat
exchange mediums are satisfactory, water is preferred
because of its thermal property, because it permits
lower pressures in system 58, and because it does not
have a deleterious effect on the flexible hoses or tubings
38 and the other materials from which the cooling sys-
tem may be fabricated. To minimize corrosion and po-
tential odor problems, sterilized water is used to which
is added a conventional corrosion inhibitor. An essen-
tially closed cooling system is preferred to minimize the
absorption of oxygen into the coolant. This further
minimizes corrosion problems.

In a preferred embodiment heat exchanger 62 was set
so that the maximum temerature of the water into input
manifold 40° was 30° centigrade to minimize the risk of
moisture condensing on elements of the cooling system.
With the integrated circuit chips of the micropackages
10 producing power at the rate of 60 watts, the maxi-
mum temperature rise of the coolant through three heat
exchangers connected in series was from 2° to 34 centi-
grade with flow rates of around 0.2 gallons per minute
flowing through each heat exchanger 26. This was more
than adequate to maintain the maximum temperature of
the semiconductor chips in the warmest micropackage

10° C below their macimum operating temperature. It

has been found that a pressure of from one to two
pounds per square inch in a heat exchanger 26 is ade-
quate to cause its flexible wall 1 to positively engage the
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6

exposed surface 24 of a substrate 12 of a micropackage
10, notwithstanding that the substrate 10 is not perfectly
planar as was pointed out above. The uper limit of the
pressure in the preferred embodiment of heat exchanger
26 at which flexible wall 31 will not be stressed beyond
its elastic limit is approximately 10 psi. In cooling sys-
tem 58 illustrated in FIG. 1, the minimum pressure in
the highest micropackages needed to cause flexible wall

31 to positively engage surfce 24 of a substrate 12 is
substantially 1 psi. The maximum pressure in the lowest
micropackage, such as mlcmpackage 26 in FIG. 1, is
approx:mately 5 psi which sum is composed of the sum
of the minimum pressure in the highest heat exchanger
the hydrostatic pressure of approximately four feet of
water, the difference in the height between the highest
output manifold 42 and the lowest heat exchanger
which substantially equals 1.75 psi, and the pressure
needed to cause coolant to flow through the micropack-
ages at the desired rate of 0.2 gal/minute which is ap-
proximately 1.25 psi. If the minimum pressure in the
highest micropackage in the system illustrated in FIG. 1
i substantially 1 psi, the pressure in the lowest mi-
cropackage will be approximately 4 psi. The opera-
tional range of pressures for the heat exchangers is from
1 to 10 psi for the preferred embodiment of micropack-
age 26. As a result, a good low thermal impedance path
1s provided from the substrates 12 of the micropackages
to the coolant in heat exchangers 26 without the use or
necessity of any thernal greases or oils between a heat
exchanger and a substrate. The elimination of such ma-
terials avoids possible problems due to contamination of
the electrical contacts of either the substrate or the
connector by such materials.

As long as cooling system 58 is operational, liquid
will be flowing through all the heat exchangers 10 in the
system. Referring to FIG. 7, if a micropackage 10 needs
to be replaced or worked on, it is only necessary to
remove the fasteners 32 to remove the mounting frame
28. When frame 28 is removed, heat exchanger 26 can
be moved aside as shown by the dashed lines of FIG. 7
without disrupting or opening up cooling system S58.
Coolant continues to flow through all heat exchangers
26, and specifically all the heat exchangers connected in
series with it. Thus, it is possible to continue to energize
other micropackages 10 of the electronic system and to
continue to cool them even when one or more mi-
cropackages 10 has been removed from its correspond-
ing connector 20.

It will be apparent to those skilld in the art that the
disclosed cooling system for electronic systems may be
modified in numerous ways and may assume many em-
bodiments other than the preferred form specifically set
forth above and described above. Accordingly, it is
intended by the appended claims to cover all modifica-
tions of the invention which fall within the true spirit
and scope thereof.

What is claimed is:

1. A heat exchanger for a multichip integrated circuit

60 assembly comprising:

65

a substantially rigid back wall,

substantially rigid side walls integrally connected to
said back wall,

a flexible wall made of thermal conducting material
connected to said side walls, said back, side and
flexible walls defining a closed space adapted to
contain a liquid under pressure substantially in the
range of from 1 to 10 pounds per square inch,
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inlet means and outlet means formed in said rigid

walls for permitting a liquid coolant to flow

through said space and baffle means rigidly at-

tached to said substantially rigid wall for causing
said heat exchanger medium to flow substantially
uniformly over the flexible wall forming said space

without limiting movement of said wall. |
2. A heat exchanger as defined in claim 1 in which the

back wall, side walls, and baffle means are made inte-
grally and of a plastic material and in which the flexible

wall is made of a thin sheet of copper.
3. A heat exchanger comprising:
substantially rigid wall means defining a perlphery

substantially located in a plane,
a flexible wall having an area substantially in the

‘rangeof from 25 to 64 square centimeters made of a

thermal conducting material connected to the pe-
riphery of sid wall means to define a closed space

adapted to contain a liquid under pressure,
inlet means and outlet means formed in said wall
means to permit liquid to flow through said closed

space, and
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means attached to said wall means for causing liquid
to flow substantially uniformly over the fflexible
wall without hrmtlng the movement of the said

flexible wall.
4. A heat exchanger as defined in claim 3 in which the
flexible wail is made of copper and the substant;ally

rigid wall mens are made of a plastlc materlal

5. A heat exchanger comprising:
- means forming a chamber adapted to contain a llquld

a portion of sid means being a substantially planar
~ flexible thin wall having an area substantially in the
range of from 25 to 64 square centlmetersand made
of a good thermal conductor, |

inlet means and outlet means formed in said chamber
for permitting a liquid having a pressure substan-
tially in the range of from 1 to 10 pounds per square
inch to flow through said chamber, and

“means within said chamber for causing said liquid to
flow substantially unlformly over the flexibie thin
wall of said chamber means, said means within said
‘chamber being spaced from said flexible thin wall.

6. A heat exchanger as defined in claim 5 in which the

good thermal conductor is copper.
% * Xk x X
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